To study the causes of blindness and visual impairment in children in three ecologically diverse regions of Nepal. Materials and methods: This is a baseline survey report of a 3-year longitudinal population-based study. One district each from the three ecological regions -Terai, Hills, and Mountains -was selected for the study. Village Development Committees from each district were selected by random sampling. Three community health workers were given training on vision screening and identification of abnormal ocular conditions in children. Health workers who examined children and collected data using pretested questionnaire performed house-to-house surveys. Children with abnormal vision or ocular conditions were referred to and examined by pediatric ophthalmologists. Results: A total of 10,950 children aged 0-10 years, 5,403 from Terai, 3,204 from Hills, and 2,343 from Mountains, were enrolled in the study. Of them, 681 (6.2%) were nonresponders. The ratio of boys to girls was 1.03:1. Prevalence of blindness was 0.068% (95% confidence interval [CI] 0.02%-0.12%) and visual impairment was 0.097% (95% CI 0.04%-0.15%). Blindness was relatively more prevalent in Terai region (0.08%, 95% CI 0.02%-0.13%). The most common cause of blindness was amblyopia (42.9%) followed by congenital cataract. Corneal opacity (39%) was the most common cause of unilateral blindness. Conclusion: More than two-thirds of the causes that lead to blindness and visual impairment were potentially preventable. Further, nutritional and genetic studies are needed to determine the factors associated with ocular morbidity and blindness in these regions.
Introduction
Visual disorders represent one of the most common disabling and handicapping conditions in children. 1 Childhood blindness is one of the priorities of Vision 2020: "The Right to Sight". 2 It is estimated that approximately 1.4 million blind children worldwide, two-thirds of whom live in the developing countries. 3 Causes of childhood blindness vary according to region and socioeconomic conditions. 2, 3 Population-based data vis-à-vis prevalence and causes of childhood ocular morbidity and blindness are limited worldwide, including Nepal. 4, 5 Nationwide survey-based data for childhood blindness collected from the schools for the blind has been reported in Nepal. 6 Nepal, a land-locked country divided into three distinct geographical regions, comprises a large area of plains to the south (Terai), a hilly region in the central interior (Hills), and a high mountainous area to the north (Mountains). Each of these ecological regions has its own traditional values, climate, environment, religion, ethnicity, and 
1544
adhikari et al socioeconomic status. Accordingly, various factors that contribute and determine health problems. Many countries have adopted a variety of screening tools for vision screening in preschool-and school-aged children. [7] [8] [9] We had previously trained community health workers in vision screening techniques for children. These personnel work in primary health centers and are directly involved in the community health care. The Nepal Pediatric Ocular Diseases Study was a 3-year population-based longitudinal study. In this study, we report data on baseline surveys. In the first part, we analyzed various risk factors associated with childhood ocular morbidity. 10 This paper focuses on the causes of visual impairment and blindness in these children.
Materials and methods
The study was approved by institutional review board of Tilganga Institute of Ophthalmology, Kathmandu, Nepal, and adheres to the tenets of the Declaration of Helsinki.
study area
Nepal has three distinct geographical regions: a large area of plains to the south (Terai), a hilly region in the central interior (Hills), and a high mountainous area to the north (Mountains). Each region comprises many districts within each of which there are Village Development Committees (VDCs). Sarlahi (Terai region), Makwanpur (Hills region), and Sindhupalchowk (Mountain region) districts were selected for the study. Thus, each of the three regions was represented in the study. Four Village Development Committee from the Terai, two from the Hills, and three from the Mountain regions were selected according to sample size.
study population
All the children from 0 to 10 years of age residing in the selected geographical areas were included in the study.
sample size and sampling method
The sample size calculation was done by using the formula of estimation of population proportion with specified relative precision. Taking the prevalence of 5%, the relative precision of 10%, and considering the design effect of 1.5, a total sample size of 10,950 was needed for this study. Sample size was proportionately taken from the three selected districts according to the population projection of 2011. Based on these calculations, 2,343 children taken from the Sindhupalchowk, 3,204 from the Makwanpur, and 5,403 from the Sarlahi regions were recruited for this study. One district from each ecological region were selected by purposive sampling and the VDCs were selected by simple random sampling.
The field examination
Three local community health workers were recruited for three districts. They were trained for recording visual acuity (VA) using HOTV matching chart in preverbal children and tumbling E chart in older children. They were also given training on detecting abnormal ocular conditions in children by using torch light. As a part of their training, health workers were shown photographs and children with these abnormal signs in the outpatient clinic. The abnormal signs included red eye, white pupillary reflex, watering, deviation, and head tilt. Special data collection form was designed. The form was pretested in a similar community in the Kathmandu valley. Informed consent was obtained from all the parents of children included in the study.
The health workers carried out a house-to-house survey. The field examination included the following steps: 1. Assessment of vision was accomplished according to age.
In children who were ,4 years of age, visual assessment was accomplished using the torch light fixation preference method. Children who were 4-6 years of age were examined using the HOTV matching test at a distance of 3 m. In children 6 years, vision was assessed using the tumbling E chart. 2. Height and weight were recorded. 3. Torch light examination was done to find out abnormal ocular signs. 4. Motility examination was performed. 5. Cover test was also performed.
examination of abnormal children
Children with vision of ,6/9 in either eye or who had any abnormal ocular conditions were referred to an examination site (close to their home), where they were examined by a pediatric ophthalmologist or pediatric-oriented ophthalmologist from Tilganga Institute of Ophthalmology. VA examinations were performed according to the child's age, as mentioned earlier. Anterior segment examination was performed using a handheld slit lamp (Kowa, Japan) and posterior segment examination by direct ophthalmoscopy (Heine, Munich, Germany). Retinoscopy was performed using a streak retinoscope (Heine). Blindness was taken as the presenting VA of ,6/60 in the better eye. Visual impairment was taken as the presenting VA of ,6/18-6/60 in the better eye.
statistical analysis
Data entry was accomplished using version 3.1 Epi data (Epidata, Denmark). Data analysis was accomplished using SPSS software, version 16.5 (SPSS Inc., Chicago, IL, USA). Age-adjusted prevalence of ocular morbidity, visual 
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Childhood blindness and visual impairment in nepal impairment, and blindness with a 95% confidence interval (CI) was calculated for each defined geographical area. A P-value of ,0.05 was considered significant.
Results
A total of 10,950 children were enrolled in the study. Six hundred eighty (6.2%) children were excluded from the data analysis, either as a result of absence or because their parents were unwilling to give consent at the time of examination. A total of 5,208 (50.7%) children from the Sarlahi district, 3,136 (30.5%) from the Makwanpur district, and 1,926 (18.8%) from the Sindhupalchowk district were included in the data analysis. The mean age of children was 5.7 years (standard deviation [SD] 3.1; range: 0-10 years). The ratio of boys to girls was 1.03:1. In total, there were 50.5% boys and 49.5% girls. Age and sex distributions of children in the three geographical regions are shown in Table 1 .
A total of 376 (3.7%) children had some type of ocular morbidity. When considering presenting VA of ,6/60 for blindness and ,6/18-6/60 for visual impairment, we found that 0.068% of children were blind and 0.097% of children were visually impaired. Hence, prevalence of blindness and visual impairment in the community was 0.068% (95% CI 0.02%-0.12%) and 0.097% (95% CI 0.04%-0.15%), respectively. Table 2 illustrates age-adjusted prevalence of visual impairment and blindness in the three ecological regions.
Blindness was relatively more prevalent in the Terai region (P=0.08; 95% CI 0.02%-0.13%). No cases of visual impairment were detected from the Mountain region in our study.
According to this study, visual impairment and blindness in most of the cases were caused by amblyopia, the most common cause of which was uncorrected refractive error, contributing 80% to visual impairment and 42.9% to blindness. Similarly, congenital cataract and strabismus (having congenital fibrosis syndrome and amblyopia) contributed 10% to visual impairment. Cataract, microphthalmus, and retinal disease were also observed in blind children (Table 3) . Table 4 shows the distribution of diseases causing blindness and visual impairment according to the region.
While analyzing the causes of unilateral blindness in these children, we found that corneal opacity was the most common cause accounting for 39% of the cases (Table 5) .
Discussion
Data on childhood blindness are generally obtained either from surveys assessing blindness in all age groups or from those assessing a particular disease of interest, eg, vitamin A deficiency or refractive error. 11 Very few epidemiological studies have focused primarily on childhood blindness.
There are no population-based epidemiological data for Nepal on the precise prevalence of blindness in children. Shrestha et al conducted a nationwide survey in schools for the blind in Nepal. 6 A similar study was done by Kansakar et al in Western Nepal.
12. These studies, however, were not population-based and gave information only on etiology but not prevalence. The Nepal Blindness Survey of 1981 showed childhood blindness to be ,0.01% in children aged ,4 years and 0.08% in children aged 5-10 years. 13 We found no study that compared childhood ocular morbidity patterns in the three geographically diverse regions of Nepal. Thus, ours is the only study that provides the epidemiological data on Nepalese children. Nepal has an estimated population of 29 million, including 11.3 million children ,16 years of age.
14 It has been estimated that 30,240 Nepalese children are blind and another 90,000-120,000 children visually impaired. 15 The sources for these data comprise information from the local eye hospitals, schools for the blind, and published and unpublished data from Nepal. The Rapid Assessment of Avoidable Blindness study estimated the infant mortality rate-based prevalence of childhood blindness to be 0.05%. 16 Of the affected children in our study, approximately 80% had avoidable causes of blindness and visual impairment. Children in the Terai region were more prone to blindness compared to the other two regions. Congenital abnormalities accounted for the primary causes of blindness in the Terai region. The Nepal Blindness Survey of 1981 showed congenital cataract and nutritional diseases to be the major causes of childhood blindness. However, our study shows amblyopia and refractive error to be the major causes of blindness in Nepalese children, and shows a changing pattern of blinding diseases over time. The findings of our study are similar to the population-based study carried out in South India (Kariapatti Eye Evaluation Project). 8 Moreover, there is a decreasing trend in nutritional diseases, perhaps due to the effectiveness of nutritional intervention programs in Nepal.
In our study, we trained community health care workers in vision screening techniques. Furthermore, in our previous study, we reported on the positive validity (sensitivity, 89%) of using community health care workers for vision screening in children. 17 This is the first population-based study in Nepal addressing the prevalence of visual impairment and blindness in children. However, limitations in interpreting the findings of the study include the fact that, since this is a baseline survey, results mainly highlight the prevalence. We have tried to include three districts representing the three ecological regions. It would have been better if we could have included all the 75 districts of Nepal. However, it was not feasible in our context.
Conclusion
We found that approximately two-thirds of the cases of visual impairment and blindness were due to potentially preventable causes. Blindness and visual impairment were more prevalent in the Terai region. In this region, we found large numbers of children with congenital eye diseases. Further genetic and nutritional studies are needed to uncover the factors associated with ocular morbidity and blindness in the three ecological regions of Nepal. We recommend that future eye health programs in Nepal should focus more comprehensively on preventive actions, eg, correction of refractive errors and surgical removal of cataracts. Since ocular morbidity differs in each ecological region, programs should consider evidence-based management. 
